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ABSTRACT 


A new  technique  for  NDE  has  been  studied  and  found  to  have  good  potential 
for  detection  of  small  flaws  In  ceramic  materials.  The  technique  utilizes 
photoacoustic  spectroscopy.  Additional  studies  on  the  use  of  evaporated  CdS 
thin  film  transducers  with  contactless  Interdlgltal  electrodes  have  been 
carried  out. 
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GOALS 


A major  goal  of  this  grant  originally  was  to  develop  contactless  tech- 
niques for  possible  application  to  non-destructive  testing  problems  in  ceramics. 
Originally,  it  had  been  proposed  to  extend  the  earlier  work  (under  AFOSR 
Grant  No.  AFOSR-74-2648)  on  EM  generation,  utilizing  thick  rf  sputtered  metal 
films,  or  evaporated  CdS  transducers  to  launch  and  detect  high  frequency  sur- 
face acoustic  waves.  During  the  course  of  this  grant,  however,  preliminary 
studies  have  been  made  on  a novel  photoacoustic  technique  which  shows  great 
promise  for  NDE  of  ceramic  materials.  Consequently,  evaluation  of  the  feasi- 
bility of  this  technique  became  the  primary  goal  of  this  program. 


ACHIEVEMENTS 


During  the  period  of  this  grant  techniques  for  evaporation  of  thick  CdS 
transducers  were  studied  for  possible  application  In  contactless  surface 
acoustic  wave  generation.  Using  high  vapor  pressures  and  controlled  subtrate 
temperatures,  good  quality  films  were  achieved  on  metals,  glasses  and  glass- 
ceramics.  By  varying  the  film  thickness.  It  was  determined  that  excellent 
broad  band  bulk  wave  transducers  could  be  fabricated  with  center  frequencies 
in  the  range  100-200 MHz.  The  thicker  transducers  were  operable  at  fre- 
quencies as  low  as  30 MHz. 

Unfortunately,  the  proposed  method  of  exciting  the  films  as  surface  wave 
transducers  in  a contactless  fashion  with  interdigital  electrodes  on  flexible 
printed  circuit  material  proved  unsuccessful,  as  the  signals  were  dominated 
by  the  bulk  wave  generation.  Apparently  this  method  of  surface  wave  genera- 
tion is  most  efficient  when  the  electrodes  are  evaporated  directly  on  the 
films  themselves — a method  which  had  been  used  successfully  by  other  workers, 
but  which  of  course  is  not  a contactless  technique.  As  these  experiments  were 
conducted  early  in  the  grant  period,  and  since  the  laser  photoacoustic  technique 
showed  greater  promise  for  NDE  in  ceramics,  we  then  concentrated  our  efforts 
on  studying  Its  feasibility.  We  will  now  summarize  our  achievements  on  that 
project. 

A block  diagram  of  our  photoacoustlc  set-up  is  showri  in  Fig.  1.  In  this 
technique,  the  sample  is  placed  inside  a specially  designed  cell  containing  a 
suitable  gas  and  a sensitive  microphone.  The  sample  Is  Illuminated  with  chopped 
laser  radiation  as  shown.  Absorbed  light  Is  converted  in  part  Into  heat  by  non- 
radlatlve  de-excltatlon  processes  within  the  sample.  The  resulting  periodic 
heat  flow  from  the  sample  to  the  surrounding  gas  creates  pressure  fluctuations 


Fig.  ].  ScheiMtic  diagram  of  the  Inscr  ohotoacoust ic  scaniiuK  system. 
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in  the  cell,  which  are  detected  by  the  microphone  as  a signal  which  Is  phase 
coherent  at  the  chopping  frequency.  The  resulting  photoncoustlc  signal  Is 
directly  related  to  the  amount  of  light  absorbed  by  the  sample.  In  order  to 
demonstrate  the  utility  of  this  process  for  detecting  surface  flows  or  sub- 
surface inhomogeneltles,  we  refer  to  Fig.  2,  which  Illustrates  the  geometrical 
considerations.  As  the  laser  beam  illuminates  the  sample,  a well-defined 
effective  volume,  “Ax  is  heated  because  of  absorption  of  the 

electromagnetic  energy.  The  area.  A,  depends  on  the  focusing  of  the  laser 
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light,  and  can  be  as  small  as  -10  m . A characteristic  optical  penetration 
depth,  s function  of  the  Incident  wavelength  and  the  local  absorption 

coefficient  at  that  wavelength,  must  be  considered,  together  with  an  effective 
thermal  diffusion  length  which  is  determined  by  the  chopping  frequency 

and  the  thermal  conductivity  of  the  sample.  The  overall  effective  absorbing 
depth,  d^££.  is  given  by 


d = d^.  , for  d ,<d  , and 

eff  th’  th  op’ 


For  NDE  considerations,  it  will  be  noted  that  the  presence  of  flaws  or 
Inhomogeneltles  in  the  Illuminated  region  will  change  the  effective  volume 
(optically  and  thermally).  If  the  flaw  Is  a different  material  (foreign  in- 
clusion) than  the  host,  the  absoprtlon  coefficient  will  also  differ.  If  a 
crack  or  a void  is  present,  the  effective  volume  will  differ.  The  combination 
of  these  effects  will  give  rise  to  a change  In  the  magnitude  and  phase  of  the 
acoustic  signal. 

We  have  Investigated  a number  of  slllcon-nitrlde  ceramic  samples,  small 


sections  of  prototype  turbine  blades  obtained  from  Ford  Motor  Company,  using 
chopping  frequencies  50  Hz  < f < 200  Hz.  Some  of  the  samples  have  surface 
cracks  approximately  50p  x lOOy  which  are  visible  under  a microscope.  Others 
show  no  obvious  surface  cracks.  In  Fig.  3,  typical  traces  are  shown  of  the 
photoacoustic  signal  (f  ••  800  Hz)  as  one  scans  across  such  surfaces.  The  sur- 
face profile  Is  very  reproducible  for  repeated  scans  along  the  same  line,  as 
Illustrated  by  traces  (a,  b)  and  (d,  e).  Also,  as  one  improves  the  focus,  the 
resolution  Improves  accordingly,  and  more  detailed  microstructure  is  revealed, 
as  Illustrated  In  traces  d and  e in  Fig.  3.  For  these  traces  the  diameter  of 
the  minimum  focal  point  Is  ~30u.  The  difference  between  samples  with  and 
without  cracks  Is  also  evident  In  Fig.  3.  This  Is  further  Illustrated  In 
Fig.  4,  where  an  x - y scan  Is  presented.  We  find  a reasonably  good  correla- 
tion between  the  photoacoustic  signal  with  features  which  are  observed  under 
the  microscope.  Furthermore,  the  photoacoustic  signal  shows  features  not 
detected  visually.  Thes  subsurface  features  may  be  related  to  the  presence  of 
nitrogen-deficient  clusters  or  to  precipitated  impurities  such  as  silicides, 
which  seem  to  be.  characteristic  of  reaction  bonded  material.  Subsequent 
studies  of  hot-pressed  material  showed  a much  flatter  background  signal. 

In  summary,  our  preliminary  studies  indicate  that  the  photoacoustic  tech- 
nique shows  excellent  promise  as  an  NDE  tool. 
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Fig.  3 


. Typical  traces  cf  the  photoacoustic  signal  (t  «=  800  Ht) 
(a-b)  repeated  scan  on  surface  v/lth  no  obvious  crack, 
(c)  scan  on  surface  with  obvious  cracks. 

(d-e)  repeated  scan  on  surface  (c)  with  better 


focused  laser  beam. 
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